Objectives: To assess the potential effects of casein phosphopeptides (CPPs) on orthodontically induced iatrogenic root resorption (OIIRR) and orthodontic teeth movement. Materials and methods: Forty Wistar rats (aged 11 weeks) were randomly divided into experimental group (EG; n = 20) that received a diet supplemented with CPP and control group (CG; n = 20) devoid of diet supplement. A 150 g force was applied using nickel titanium (NiTi) coil that was bonded on maxillary incisors and extended unilaterally to a maxillary first molar. At Day 28, animals in both groups were euthanized. Volumetric assessment of root resorption craters and linear measurement of maxillary first molars movement were blindly examined using a microcomputed tomography scan. Results: Nine rats were excluded from the experiment due to loss during general anesthesia or appliances' failure. Intra-operator reproducibility was high in both volumetric and linear measurements, 92.8 per cent and 98.5-97.6 per cent, respectively. The results reveal that dietary CPP has statistically insignificant effect on the overall OIIRR and orthodontic movement. Conclusions: CPP seems to have statistically insignificant effect on the volume of OIIRR and orthodontic movement in rats. A long-term study with larger sample size using a different concentration of CPP is required to clarify the dentoalveolar effect of CPP.
Introduction
The mineralized tissues of the permanent dentition are normally protected in the root canal by dentine and odontoblasts and on the root surface by cementum and cementoblasts (1, 2) . Generally, cementum is more resistant to resorption relative to the bone, however, loss of cementum and dentine as a result of orthodontically induced Like bone, teeth also require a balance in mineral content to prevent root resorption. Seifi et al. (20) illustrated how the provision of calcium (Ca) potentially protects against root resorption. On the other hand, Goldie and King (15) showed that lack of Ca in cases of secondary hyperparathyroidism was associated with reduced resistance to tooth movement and increased hard tissue turn over, subsequently minimizing the risk of OIIRR.
The effect of diet on teeth structures has been studied in depth, with particular interest the factors that affect roots' hardness which in turn might reduce OIIRR. Bielacyc and Golebiewska (21) proved the importance of Ca and vitamin D in roots' structures of rats. Scanning microscope observations confirmed an increased cementolysis and declined cementogenesis/dentinogenesis in rats fed a hypocalcemic and vitamin D-deficient diet. Mellanby and Killick confirmed that strong and poorly calcified teeth can be created by altering relative amounts of calcifying vitamin, found in milk, egg yolk, cod liver oil, and so on, and anti-calcifying substances found chiefly in cereals (22) . Thus, low dietary Ca content may result in teeth being soft to the point that they can be cut with a scalpel (21, 22, 23) .
In many studies, medication like non-steroidal anti-inflammatory drugs have been shown to slow the bone resorptive process and tooth movement (24) , which in turn translated into a decrease in root resorption (25) . Similar associations were found with a lowdose systemic administration of the tetracycline and bisphosphonate (26, 27) . Casein phosphopeptides (CPPs) are multi-phosphorylated peptides from an enzymatic digest of the bovine milk protein casein (28) . In milk, casein stabilizes the liquidity of milk and maintain the high calcium phosphate concentration without allowing precipitation (29) .
Bioactivity of phosphopeptides by improvement of Ca solubility, absorption and balance in rachitic newborns (30) and increase of bone strength in animals and humans was reported several times (31) (32) (33) (34) . Furthermore, using a radioactive Ca as tracer, a rat experimental study indicated a positive correlation in the amount of 45 Ca + absorption, and the concentration of CPP across the everted distal small intestine of rats which indicates a systematic intake of CPP into rats' system (35) . In recent years, because CPP is anticariogenic that acts via stabilization and localization of amorphous calcium phosphate (ACP) in dental plaque, there has been significant investment in the potential for CPPs to prevent and remineralize carious lesions (28) . Moreover, the ability of CPP to effectively provide bioavailable Ca for maintaining mineralization of both the skeletal and the dental tissue is of significance due to the influence of Ca in the preservation of tooth structure (32, 33, 37) . The question, therefore, follows as to whether or not CPP may be of benefit in increasing the hardness of roots and decreasing their susceptibility to OIIRR. The aim of this experimental study was to ascertain the effects of CPPs on OIIRR and orthodontic tooth movement in rats.
Materials and methods

Sample
Using the average mean differences for tooth movement (1.06 + 0.35 mm) and OIIRR (0.494 + 0.224) reported by Ekize et al. (37) , and in order to detect a difference of 0.4 for OIIRR and 1 mm for tooth movement, sample size calculation indicated that 15 rats in each subject were required (a confidence level of 95 per cent and beta error level of 50 per cent). Accordingly, 40 female Wistar rats (aged 11 weeks) were included in this study and divided into 2 groups, with 20 rats in each group, to overcome the potential drop out and exclusion (Figure 1 ). Ethical approval was obtained from the University of New South Wales (ACEC Number: 07/32A). The rats were housed with two animals per cage, with proper temperature humidity and light controlled room and cleaned on a weekly basis. Rats were allocated randomly by tossing the coin into equal experimental group (EG) and control group (CG) as there were two rats per cage, the two groups were evenly balanced.
Both EG and CG received water ad libitum and a diet of 5 ml of Nutrigel mixed with 5 g of ground rat chow on a daily basis (Troy Laboratories Pty Ltd, NSW, Australia). Nutrigel is an oral supplement, which is used in veterinary medicine to provide partial or full nutritional support for mammals. Forty milligram of CPP powder for each 100 g of body weight mixed in the diet was also given to EG on a daily basis for the whole experiment duration (28 days) (32) . EG and CG were fed for 2 weeks (acclimatization period) before applying heavy continuous orthodontic forces to ensure the drug would have time to take effect ( Figure 1 ).
Experimental procedure
The orthodontic forces were applied using nickel-titanium (NiTi) closed coil (GAC USA) that generate 150 g-force. The appliances were assigned randomly to either left or right maxillary first molars of rats. The appliance design was similar to that used in former experiments (38) (39) (40) (41) (42) (43) (44) (45) (46) . Under general anaesthesia (1-2 per cent of isoflurane mixed with 100 per cent oxygen), NiTi coils were ligated from the first maxillary molar to maxillary incisors with stainless steel ligature and secured with bonded composite resin. The rats were weighed, and they were constantly monitored for changes in vital areas (e.g. breathing) during surgery. Temgesic in Hartmann's solution (buprenorphine) at a dose of 0.01 mg/kg was administered as post-operative analgesia. Two-week loading protocol (experimentation period) was adopted, as previous studies have shown that the repair process may predominate after this period (47, 48) . Rats' diet was maintained as described above, and the rats were assessed daily by investigators and animal housing staff for signs of distress. Then, the rats were sacrificed using carbon dioxide asphyxiation at Day 28. Their maxillae were then dissected and sectioned to include only the maxillary molar of the loaded side before being stored in 10 per cent buffered formalin individually. Supplementary Appendix 1 shows the Animal Research Reporting of In Vivo Experiments (ARRIVE) checklist (49) of our research.
Data acquisition and analysis
The scanning method and image reconstruction were doubly blinded. Data acquisition procedure was performed using the same protocol that has been described by Foo et al. (46) . Using Skyscan 1172 micro-CT (SkyScan, Aartselaar, Belgium) scanner, the sectioned maxillary molar regions were micro-scanned at a resolution of 6 μm (100 kV and 100 mA with no filters). Subsequently, the reconstructed images were imported into VGStudioMax version 1.2 software (Volume Graphics GmbH, Heidelberg, Germany) for digital analysis and measurement of root resorption volume and tooth movement. However, due to the variability and size of the molar roots, it was decided that only the mesial root of the maxillary molar would be sufficient to ensure consistent recording of the location of the root resorption craters. The apical section of the molar roots was also too porous, therefore, in order to ensure a clear differentiation between normal tooth anatomy and root resorption craters, it was decided that only the section between the cementoenamel junction and the start of the porous apex would be analysed (Figure 2 ).
For the purpose of computing the root resorption volume, the images were viewed in axial slices and a 'mask' was created for the volumetric analysis of the crater images (Figure 3) . Mask creation started with locating the axial section at which the crater began. Next, the outline of the crater was traced using the VGstudiosMax segmentation tool following the internal contours of the crater, while the external margin of the crater was an estimate of the continuation of the convexity of the root surfaces. The mask was then propagated through the axial section of the tooth for no more than six slices. The propagation of the slice was discontinued if the limits of the crater were reached or if the mask no longer followed the outline of the crater. If the mask ceased to resemble the resorption crater, a new outline was redrawn. Subsequently, craters' masks of each tooth were cumulated in a single segmentation. Finally, the software calculated the volume of the segmented mask in voxels which represented the volume of OIIRR.
Tooth movement
Tooth movement was measured digitally utilizing the 3D microcomputed tomography images. It was assumed that the first and second molars were in contact prior to appliance placement and, therefore, the tooth movement was measured as the distance between the first and second molars at the end of the experimental period. The measurement was taken with a software tool that is designed to identify and measure the closest distance between two parallel or nearly parallel surfaces or line. Since 'VGstudiosMax' software can only be used in two-dimensional images, tooth movement distance was measured in the axial sections and then in the sagittal sections. The average of the two measurements was taken to overcome any variation that may have arisen due to variation in sample angulations in the scanner (Figure 4 ).
Statistical analysis
Volumetric and linear measurements were allocated to one operator to avoid inter-operator variation. Statistical analysis was performed using SPSS version 14 for Windows (SPSS Inc., Chicago, Illinois, USA).
Intra-operator errors were assessed using the coefficient of variation. A univariate analysis of variance was performed to test the effect of the CPP on the total volume of the root resorption craters and the total amount of tooth movement as the dependent variables. Bonferroni adjustments were undertaken for the multiple comparisons.
Results
Two experimental rats were died during general anaesthesia, and seven rats were eliminated as their appliances failed; hence, 31 were left at the completion of the study, 15 rats in the experimental group and rats 16 in the control group (Figure 1) , suggesting an overall uncontrollable drop out of 22.5 per cent. Mean weight (MW) of the remaining rats at the start of force application for CG was 204 ± 26 g and EG was 213 ± 21 g, while MW at the end of experimental period was 243 ± 46 g and 249 ± 19 g, respectively. Only one rat experienced severe weight loss associated with appliance failure and that rat was eliminated from the experiment. Thus, there was no significant difference (P > 0.05) in the average weight gaining at the end of the experiment; this indicates that all rats that were caged together almost fed equally.
An intra-operator error study was conducted whereby the same operator remeasured randomly 10 samples on two separate occasions. Intra-operator errors for the measurements of the total volume of root resorption, tooth movement in the sagittal and in the axial planes were found to be within the acceptable level, 7.2 per cent, 1.5 per cent and 2.4 per cent, respectively ( Table 1) .
Effects of CPP on the overall volume of root resorption
Both groups showed OIIRR that appeared to dominate in the middle and cervical part of the root, consistent with free tipping movement. Although the mean resorption crater volume in the molars of EG (≈0.88 ± 0.196 mm 3 ) was 15 per cent less than that found in the CG (≈1.17 ± 0.18 mm 3 ), this reduction was not statistically significant (P = 0.28) ( Figure 5 ).
Effect of CPP on tooth movement
A comparison of the amount of tooth movement in CG (≈3.22 ± 0.39 mm) with EG (≈2.74 ± 0.45 mm) revealed that there was an average of 15 per cent reduction in tooth movement but it was not statistically significant (P = 0.42; Figure 6) 
Discussion
This animal study aimed to investigate the influence of CPP on OIIRR and tooth movement. Wistar rat animal model was preferred as it was possible to control the level of dietary CPP and they have been recruited successfully to assess root resorption in previous experiments (32, 38, 46) . Rats aged 11 weeks were selected to ensure the complete development of their teeth (50) . While CPP has been proven to be effective in remineralizing early hard dental tissue (enamel) as a topical agent (51), it is not practical to administer CPP to root surfaces either in animal or in human model, but CPP has been demonstrated to be safe when administered systematically in both human and rat studies (31, 32, 36) . Therefore, similar to previous study, a dose of 40 mg of CPP per 100 g of rat has been chosen in our study (32) .
The analysis of the volume of root resorption was performed using a new method which was a modification of the method employed by Foo et al. (46) . As there is a significant risk of root fracture and damage to tooth roots when extracting rat molars, the ability to virtually de-gloving the bone from the teeth was advantageous during image reconstruction in our study. Additionally, the use of the digital tool in measuring tooth movement is useful in reducing the parallax error associated with measuring tooth movement in one plane as is the case when measuring tooth movement on a lateral cephalogram.
Although literature is showing that several medications that prevent resorption of bone are associated with reduction in both tooth movement and root resorption (24, 26, 27) , there is no evidence concerning the effect of CPP on orthodontic tooth movement and OIIRR. It did appear from our experiment that CPP supplement insignificantly (P > 0.05) affects the average volume of OIIRR, which contradict the argument that those dairy products, from which CPPs are derived, may have a role in protecting against root resorption due to their ability to make Ca + available to the mineralized tissues of the body (52, 53) .
Similarly, there was insignificant effect on teeth movements (P > 0.05) contradicting with the findings of Kale et al. who found that CPP supplements, as biologically active vitamin D derivative, initiate the differentiation of osteoclasts and increase the activity of existing osteoclasts (53) . The inhibitory effect of CPP on orthodontic tooth in our study may be attributed to the mineralizing (anti-osteoclastic) effect that CPP has on the alveolar bone which increases bone retention and strength with low basal absorptive performance (31, 32, 34, 36) . The contrasting results between OIIRR and tooth movement in this study can be explained in part by the compound nature of the antagonist interaction between bone and cementum remodelling (54) .
Further long term with larger sample size using immunohistochemistry, histological and biochemical markers (protein and mRNA levels) is warranted to clarify what effect CPP may have on the reduction in the solubility of the alveolar bone and the dental tissues. Testing the effect of different doses of CPPs at various stages of orthodontic treatment might give some insight as to when the effects of CPPs start becoming manifest.
Conclusions
Anti-cementoclastic and anabolic effects of CPP seem to have reduced both tooth movement and OIIRR; however, CPP seems to have statistically insignificant effect on the volume of OIIRR and orthodontic movement in rats.
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